It was shown in our previous paper (1) that protoveratrine and EDTA caused a remarkable increase in passive permeability of the membrane of brain slices to cations and this increase was completely prevented by so-called stabilizers such as cocaine and calcium ion. Protoveratrine and EDTA are known to be depolarizers (2) and the effects of these drugs on brain slices were considered to represent a model of natural excita tion of the nerve cell membrane.
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An increase in respiration of brain slices by protoveratrine has been already reported by several investigators (3, 4) . In this paper effects of protoveratrine, EDTA and cocaine on respiration and energy metabolism of brain slices are examined to know a relation between changes of membrane structure resulting in an increase in permeability and energy metabolism connected with it.
METHODS

Respiration of brain slices
Brain cortex slices of adult healthy guinea pigs were cut by a Stadie-Riggs slicer in a cold room and allowed to respire in oxygen at 3TC in 2 ml of Krebs-Ringer medium
No. 3 using the conventional manometric technique.
Determinations of content of creatine phosphate and of its radioactivity in brain slices
Brain cortex slices of guinea pigs were preincubated in oxygen for 20 min at 3TC
in Krebs Ringer with Tris buffer (pH 7.4). Thereafter, effectors and 2 pc of inorganic P-32 were tipped from the side arm and further incubated for 15 min. Then the in cubated slices were washed twice with ice cold phosphate-free Ringer and homogenized in ice cold 10% trichloroacetic acid to extract. The phosphate compounds in the extract were analyzed according to Takahashi's method (5) as follows : 1 ml of the extract was added into mixture of 1 ml of 2% sodium molybdate and 1 ml of 6 N H2SO4, and warmed for 10 min at 3TC to split creatine phosphate. Then, 4 ml of isobutanol was added into the mixture and shaken vigorously for 30 sec. For determination of true inorganic phosphate in the extract isobutanol was added immediately after addition of the extract. Two milliliter of the isobutanol layer separated by still standing was mixed with 2 ml of 0.5% ascorbic acid and 1 ml of ethanol, and incubated for 30 min at 37°C and the optical density was read at 720 m,u. Amount of creatine phosphate was expressed in a difference of two samples, warmed and non-warmed samples as described above.
To estimate radioactivity of phosphate compounds, 0.3 ml of the isobutanol layer was placed in a plancet and its radioactivity was measured with Geiger-Muller counter.
Influx of 42K into the brain slices
Brain cortex slices of adult guinea pigs were preincubated for 20 min with shaking at 37°C in the Ringer and then effectors were added. After further incubation for 15 min, the slices were transfered into 42K-Ringer with the same effectors and reincubated for 6 min. Then, the slices were washed twice with ice cold Ringer and their radio activity was measured with scintillation counter. 2. Effects of depolarizers and stabilizers on content of creatine phosphate in brain slices As described above, respiration of brain slices was stimulated by protoveratrine, Ca" depletion and EDTA. Respiration of slices which seems to be fairly well organized are considered to be regulated by intracellular levels of ADP and inorganic phosphate. However, intracellular level of creatine phosphate which is a reserve-form of high energy phosphate may reflect intracellular energy level more sensitively than ATP. Therefore, amount of creatine phosphate in brain slices was estimated under various experimental conditions. Concentrations of cocaine, protoveratrine and EDTA were 10-3 M, 5 x 10-s M and 10-4 M, respectively. * mean value±standard deviation (number of experiments). ** EDTA was added in Ca++, Mg++ free medium.
As shown in Table 2 , content of creatine phosphate in brain slices were decreased by protoveratrine and omission of Ca++ in the medium. This decrease in amount of creatine phosphate in brain slices was prevented by addition of cocaine. However, the drop of creatine phosphate level in the slices was not prevented by cocaine in absence of Mg++ in the suspending medium, though omission of Mg++ alone in the medium did not cause a drop of creatine phosphate level. The role of Mg++ is of interest and remains in future to be investigated.
Effects of the drugs on specific activity of creatine phosphate in brain slices
The next problem we examined was the metabolic turnover of creatine phosphate by using radioactive "P. As shown in Table 3 , the specific activity of creatine phosphate in the slices was increased by protoveratrine, Ca" depletion and EDTA, and the increase was prevented by addition of cocaine. Therefore, the reduction in creatine phosphate level caused by protoveratrine and Ca" depletion may result from an increase of destruc tion of high energy phosphate compounds rather than a decrease of creatine phosphate synthesis.
It is interesting that the specific activity of creatine phosphate , which was increased under these conditions, was often found to be higher than the specific activity of in organic phosphate in the slices. Labelling of brain slices incubated with 42K increased lineally with time until 10 min, so effect of drugs was examined by 6 min incubation.
Results presented in Table 5 show that the influx of 42K 
DISCUSSION
An increase in respiration of brain slices by protoveratrine, Ca" omission and EDTA, and prevention of the increase by cocaine were observed by us reconfirming the results of Wollenberger (3), and Kini and Quastel (4). However, a stimulatory effect of these conditions was not observed on respiration of slices of liver, an unexcitable tissue. On the other hand, cocaine did not show any significant influence on respiration of brain slices stimulated by 2,4-dinitrophenol. These results suggest that the metabolic changes caused by protoveratrine, Ca" omission, EDTA and cocaine may be reflec tions of state of the excitable membrane.
A -decrease ina mount of creatine phosphate in brain slices by protoveratrine, Ca" omission and EDTA was shown in Table 2 hi accordance with the results of Wollen berger (6) . The decrease in content of creatine phosphate in brain slices was also prevented by cocaine completely. These results lead us to consider that the change in state of excitable membrane resulting in an increase in permeability to cations may be closely related with an decrease of creatine phosphate.
This consideration is sup ported by following findings. It is known that addition of high concentration of K' or application of electrical simulation to brain slices cause an increase in respiration and a decrease in content of high energy phosphates (7) (8) (9) . These conditions are known to cause depolarization.
Our results also present that the specific activity of creatine phosphate was elevated by protoveratrine, Ca" omission and EDTA. Therefore, it is concluded that the decrease in amount of creatine phosphate is mainly due to an increased breakdown of high energy phosphate under these conditions.
On the other hand, the increased specific activity of creatine phosphate under these conditions was often found to be higher than the specific activity of inorganic phosphate inside the slices. This suggests that there are at least two metabolic pools of phosphate in the cell and the metabolism of a phosphate pool closely related to the medium may be stimulated during the change in state of the excitable membrane. Abood and Koketsu reported that creatine phosphate which had higher specific activity than that of creatine phosphate inside the muscle was found to be leaked out from the muscle during depo larization (10) . Their results seem to support our suggestion.
Next problem was what kinds of mechanisms might be involved in the increased breakdown of high energy phosphates. As a result of the increase in permeability to cations, K' content in the slices is decreased and Na ' content is increased. Therefore, active transport of K+ into the slices and of Na' from the slices was assumed to be ac celerated as recovery phase. However, our results present that the active transport of K' is suppressed in presence of the drugs and it seems unlikely to consider that the active transport process may play an important role in the increased breakdown of high energy phosphates. A similar observation was described by Mcllwain (11) . He calculated an amount of energy which was produced by an increased oxygen uptake caused by application of electrical stimulation to brain slices and concluded that the extra-energy was far large compared with the energy utilized for active transport in presence of electrical stimulation. Thus, an assumption is proposed ; that is the increase in consumption of energy probably connects directly with a change in the membrane configuration resulting in an increase in permeability to cations.
In our previous paper (1), it was described that a change of the membrane struc 2. Protoveratrine, Ca" omission, and EDTA reduced content of creatine phosphate in brain slices. However, the metabolic turnover of the creatine phosphate was elevated by protoveratrine, Ca" omission and EDTA, implying that an increased breakdown of the creatine phosphate is a main cause to result in a decrease of the creatine phosphate content in the slices. The decrease in the content and the increase in the metabolic turnover of creatine phosphate in brain slices were also prevented by cocaine.
Another interesting observation was that the specific activity of creatine phosphate, which was increased by the drugs, was often found to be higher than the specific activity of inorganic phosphate in the slices.
3. Influx of 42K into brain slices was observed to be suppressed in presence of protoveratrine and EDTA. Furthermore, the increase in respiration and the decrease in content of creatine phosphate in brain slices caused by protoveratrine were not altered by addition of ouabain. These results suggest that an active transport process may not play an important role in an increase in energy consumption caused by proto veratrine, Ca" omission and EDTA. 4. It was discussed that a certain kind of high energy phosphate compound might be involved in excitable membrane as a constituent and the increased breakdown of the high energy phosphate might be closely connected with a change in membrane configuration resulting in an increase in permeability of excitable membrane to cations.
